Abstract. Unpolarized light ejects spin polarized electrons from Pt(111) and Au(ll 1) even if the electron emission occurs normal to the surface. For off normal incidence of 11.8 eV, 16.9eV, and 21.2 eV radiation, and for the main peaks in the photoemission spectra, a degree of spin polarization of up to 30% or more is found for the spin polarization component Py perpendicular to the reaction plane. A crystal rotation about its surface normal does not change Py. Py is largest for transitions from bands with symmetry A~. All these experimental findings agree with a recent theoretical prediction [1] of a new spin effect by Tamura and Feder. 79.60.Cn, 71.25.Pi Spin analysis in the angle-and energy-resolved photoemission is a well established tool to gain a wealth of additional information about the electronic structure of both ferromagnetic [2] and nonmagnetic [4] crystals, surfaces and adsorbates. Most studies on nonmagnetic targets use circularly polarized radiation, since for the photoemission with unpolarized and linearly polarized radiation from non-ferromagnetic centrosymmetric [6] crystals it was for a long time generally believed (see references cited in [7, 8]) that the electrons emitted normal [9] to the surface can only be unpolarized. This belief results from the description of photoemission as a "three-step process": As a consequence of the space inversion symmetry, which the infinite crystal exhibits in contrast to the semi-infinite one, no spin polarization is produced by linearly or unpolarized light in the bulk excitation step. Since transport and perpendicular surface transmission are spin independent, the photoelectrons remain unpolarized [1, 10]. A theoretical treatment in the "one-step model" [7] and experiment [8] yielded, on the other hand, spin polarized electrons for the special case of normal incidence of linearly polarized radiation and three-fold surfaces. The effect shows the three-fold symmetry in the rotation diagram of the spin polarization, i.e. a sign change when the crystal is rotated about 60 degrees and it was only observed when the time reversed states with A34 and A~ symmetry are involved in the transition. The occurrence of spin polarized electrons due to this effect was, however, an exception rather than the rule; up to now the effect was only observed for transitions into the bandgap, i.e. for transitions into evanescent states [8], which emphasizes the surface sensitive nature of this effect.
gets use circularly polarized radiation, since for the photoemission with unpolarized and linearly polarized radiation from non-ferromagnetic centrosymmetric [6] crystals it was for a long time generally believed (see references cited in [7, 8] ) that the electrons emitted normal [9] to the surface can only be unpolarized. This belief results from the description of photoemission as a "three-step process": As a consequence of the space inversion symmetry, which the infinite crystal exhibits in contrast to the semi-infinite one, no spin polarization is produced by linearly or unpolarized light in the bulk excitation step. Since transport and perpendicular surface transmission are spin independent, the photoelectrons remain unpolarized [1, 10] . A theoretical treatment in the "one-step model" [7] and experiment [8] yielded, on the other hand, spin polarized electrons for the special case of normal incidence of linearly polarized radiation and three-fold surfaces. The effect shows the three-fold symmetry in the rotation diagram of the spin polarization, i.e. a sign change when the crystal is rotated about 60 degrees and it was only observed when the time reversed states with A34 and A~ symmetry are involved in the transition. The occurrence of spin polarized electrons due to this effect was, however, an exception rather than the rule; up to now the effect was only observed for transitions into the bandgap, i.e. for transitions into evanescent states [8] , which emphasizes the surface sensitive nature of this effect.
A spin polarization effect for far more general conditions can be expected if the radiation incidence occurs off normal. This has been predicted in recent theoretical work [1] (again in the one-step model) by Tamura and Feder. Their work deals with normal photoemi,ssion with linearly and unpolarized radiation from Pt(100) (it is in addition stated [1] , that the effect should occur for practically every crystal surface): Symmetry arguments show that a spin polarization component perpendicular to the reaction plane defined by photon and photoelectron momenta is not forbidden; the other two components of the spin polarization vector should, however, vanish. The degree of spin polarization is also independent of any rotation of the crystal about the surface normal. Analytical dipole matrix element calculations confirm the conclusions obtained from the symmetry arguments and reveal spin-orbit induced hybridization as its main cause. For our (lll)-surfaces this means that the effect is only expected when A61A3-hybrids are involved in the transition [1] . The effect is only predicted for off-normal radiation incidence and vanishes for incidence normal and parallel to the crystal surface.
This work reports on the experimental verification of this spin polarization effect with unpolarized radiation for the case of the three-fold surfaces Pt(lll) and Au(111).
The experimental set-up is shown in Fig. 1 . Unpolarized radiation from a discharge tube hits the crystal surface at an angle of 62 ° with respect to the surface (lll) and Pt(lll) and a photon energy of 21.2eV (He I). Photoemission spectra are given in the left part. Dots together with the solid line denote the total (nonspin resolved) intensity I. Below those curves the partial (spin resolved) intensities I+ (solid curve) and I_ (dotted curve) are given. They are obtained from I and the mea-I sured spin polarization Py by means of I+ = ~ (1 + Py) I and I_ = ~ (1 -P y ) and denote the intensities for spin up and spin down with respect to the reaction plane, respectively. In both of the spectra we find parts of the photoemission spectra with a considerable degree of spin polarization. For Pt(111) the degree is about 20% for the first peak below EF while the electrons contributing to the second peak turn out to be unpolarized. For Au(111) we find two peaks with a slightly lower degree of spin polarization and opposite spin polarization signs.
That the mechanism reported earlier in [7, 8] to create spin polarized photoelectrons by means of linearly polarized radiation and the new mechanism which works even with unpolarized radiation (predicted in [1] and verified in this paper) are not identical is obvious from the dependence of Py on a rotation q5 of the crystal about the surface normal. In the former case Py should show a sinusoidal dependence on ~b with a change of sign when the sample is rotated by 60 ° . For the latter (new) effect Tamura and Feder predict no change of Py with ~b. The dependence of Py on the crystal rotation angle ~b has therefore been determined and is displayed in the right part of Fig. 2 . The studies were performed for all three peaks in the photoemission spectra which yield a con- Fig. 2 by arrows. In all cases the spin polarization Py shows hardly any change with ¢. Although a slight systematic variation of Py with q~ seems to exist for Pt(111) the main part of the spin polarization is invariant in the rotation diagrams and thus provides experimental evidence for the new spin polarization effect. Corresponding spectra were also measured for 16.9eV and 11.8eV photon energy. They are displayed in the left part of Fig. 3 and show even higher spin polarization values than the results in Fig. 2 . A further point concerns the mechanism that produces the spin polarization. Following the prediction [1] spinorbit induced hybridization of A61 and A~ bands must be contained in either the occupied or the unoccupied bands which are involved in the transition. In order to get further information about this we discuss the results together with a bandstructure of Pt in the A-direction which is given in the right part of Fig. 3 (111) and Au(111). I denotes the total (non spin resolved) intensity, I+ and I_ are the partial (spin resolved) intensities. Arrows mark the energies at which the dependence of the spin polarization on the angle ~b was measured. The small dashes in I+ and I_ represent the total experimental error which includes the statistical error of the count rates and the uncertainty of the detector asymmetry function. Right: Dependence of the spin polarization component Py on the rotation ~b of the crystal surface about its surface normal. Within the experimental accuracy no significant variation is observed for Au. Only a slight dependence of Py on ~b is found for Pt (111) 
